A simple model for the instanton ensemble at finite temperature T is proposed, including "random" and strongly correlated "molecular" component. T-dependence of fermionic zero modes naturally leads to chiral symmetry restoration, without instanton suppression. Moreover, at T = (1 − 2)T c the non-perturbative effects due to "molecules" are so strong, that they even dominate the global thermodynamics.
Instantons are the major component of non-perturbative fields in the QCD vacuum, and significant amount of work [1, 2, 3] has been done in order to build a quantitative theory describing them. Two major steps forward were done during the last year. First, the simplest ensemble (the so called Random Instanton Liquid Model), has reproduced many correlation functions [4] known from phenomenology [5] and lattice simulations [6] . Second, by "cooling" of the (quenched) lattice configurations it was found in [7] that the typical instanton density is about n ≈ 1.4f m −4 and the typical size is about ρ ≈ .35f m, very close to the "instanton liquid" parameters suggested by one of us a decade ago [2] . The correlation functions and hadronic wave functions, are shown to be practically unaffected by "cooling": so, by removing perturbative gluons and confinement, one does not loose mesons and baryons!
The instanton-induced effects at finite temperature T and much less studied.
Our particular focus is on the chiral restoration phase transition at T c . The main idea is that it happens due to growing correlations between instantons and antiinstantons, described by the disappearance of "single" instantons and growth ofĪI "molecules".
Our first study along this line was performed few years ago [8] . However, the present paper is significantly different, because it is based on completely new mechanism. Instead of Debye-type screening [9] , implemented by thermal suppression factor f (T ) = exp(−ρ 2 T 2 const) [10] 1 , the phase transition occurs due to the T-dependence of the quark-inducedĪI interaction.
The ensemble of interacting instantons can be studied with the partition func-
where dΩ i is the measure in space of collective coordinates, (12 per instanton in SU (3)), d(ρ) the instanton amplitude, and S int the gluonic interaction. The last factor, appearing after integration over fermions, is the one we are focussing on.
Assuming N + = N − = N , one writes it in terms of a N × N 'hopping' matrix,
) from some instanton I to some antiinstanton A (z A , z I are the centers of A, I, ψ 0 the zero-modes), as det(T T + + m 2 f ). The statistical system described by this partition function is quite complicated, and direct simulations were done so far only for T = 0.
The instanton solutions and their zero modes are known analytically for nonzero T , and detailed studies of 'hopping' matrix elements were done in [12] . They have the structure T IA = u 4 f 1 + (ur/r)f 2 , where the 2 × 2 matrix u µ τ + µ describes the relative orientation of I and A. Rather complicated formulae for f 1 , f 2 were derived in [12] .
We consider the instanton ensemble as a superposition of the uncorrelated (or "random'") component and a highly correlated (or "molecular") component, with the (4-d) densities n a (T ), n m (T ). In the former component instantons are assumed to have random relative orientation u µ , and, as in [8] , it is treated in a mean field approximation. The fermionic determinant is obtained from I(T ) ∼ T IA T + AI , i.e. summed over anti-instantons A with a density n a /2, with random positions and orientations.
For the "molecular" component we assume the opposite, namely the most fa-
, maximizing the hopping matrix element |T IA | (as well as exp(−S int )). Therefore, we have to calculate another func-
where now averaging means integration only over the relative coordinates inside aĪI pair.
Temperature dependence of these average matrix elements was obtained by numerical integration of the formulae from [12] , and the results are shown in Fig. 1 .
One has to exclude too closeĪI pairs 2 , and we show results with the "core radii" R c = 1ρ (dashed) and R c = 2ρ (solid). Although the overlap integrals significantly depend on R c , the resulting uncertainty of the thermodynamical quantities (see below) is in fact not so dramatic. Note remarkably different T -dependence of these two quantities. While the I(T ) (indicated as the N f = 1 curves in Fig.1 ) decreases with T ,Ĩ(N f , T ) grows, the stronger the larger N f . As a result, the molecular component builds up with T , while the random one decreases and eventually disappears, restoring the chiral symmetry.
In order to simplify gluonic interaction, and still describe the system selfconsistently, we adopt a simple "average repulsion" S int = κρ 2 I ρ 2 A with one dimensionless parameter κ. The same parametrization is used for the description of interaction between all instantons, belonging to the random component or to molecules.
Let us now evaluate the statistical sum of the system in terms of the densities n a , n m , starting with the differential activities for molecular
and random components
where b = 
Besides the densities, an important ingredient of the interaction are the root mean square radiiρ a ,ρ m , which can be found from 2 The general reason for such 'repulsive core' is generally related to the fact, that too close pairs do not in fact correspond to strong fields and are not objects of the semiclassical theory.
eqs. (3) and (4) to be related to each other through
Another relation between them connects the interaction parameter κ to the diluteness of the ensemble
So, one can eliminate the mean square radii and get the activities
As usual, the grand potential
(where V 4 is the 4-dimensional volume) should then be minimized with respect to The statistical sum under consideration describes two phases, with and without chiral symmetry. However, the realistic description should include the contributions to thermodynamics unrelated with instantons as well: it is the total pressure, which 3 It is interesting, that connecting nm with the gluon condensate αs π G a µν G a µν = 16nm one reproduces the famous "trace anomaly" expression. However, that the contribution of molecules to the energy density is not just the same expression with the opposite sign, because the fermionic determinant has an explicit T -dependence.
should be continuous through the transition. We use the simplest possible model here, including the non-interacting massless pions in the broken phase (which for N f = 2, 3 are actually irrelevant) and the ideal quark-gluon plasma in the symmetric phase.
A typical set of results is shown in Fig. 2 for N 
